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1

1nt r~~d u c t  ion

The y o d i s  of this t e sea rch  program were to determine the

e h at a c t e r i s t i r s  of I) reg ion ( 60-90 k i lometers)  backscat ter ing

and the effects of these characteristics upon the accuracy of

t~~X }’ ! im ent all y der ived D reqion electron density profiles and

1) x e g i c ~i~ ‘wind s.” Fiv& particul ar goals were:

C l) The inv t~:;t i~~~~t ion of the validity of the randomly

h .I  sed ,Ifl~ IU1 H 4 ç ~ run .tp~ xox 1 111.1 t ion (h e r e  —a I ter

aL,b !evIatod RPASA)

(~~) The measurement of the con e ang le of arrival of D

It l io n  echoes.

(3) The effects of the cone ang le of arrivct l e~hoes

the accuracy of D region electron density profiles

and “winds. ”

(4) Mea’;urement of the amplitude distribution of D region

echoes.

( 5 )  M e d sU I e m e f l t  of I) l e g i o n  elect ron density profiles

t o  t~ ) t a lj l j~;!j Se~tS ()11~1l v i i  i~ i t  i u i~~ .

1 . The Validi ty ot th~ RPASA- --;— .o—~-

The el ectr ic fi~~ld inten sity, measured on the ground ,

or waves backscattered from the ionosphere can be desc r ibed

by a spectrum (in angle space) of plane wAves. The Fou r ier

transform of this angular spectrum is the spatial correlation

function of the electric-field intensity measured in the

observation plane . The normalized correlation function is

defined by .1 spatial average :

--

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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L~ 
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2

p (Ax ,~ y) = u r n  
~~~~~~ J f E(x,y,z)E*(x+~y,z)dydx

-LL~ x 
- 

(1.1)

1
L~ çL~ 24LxLy J J 1E(x ,y z) I dydx
-L -Lx y

The i n f i n i t e  spatial average required to evaluate ( 1.1) is

impossible to perform in a real world. Yet , the spatial correlation

func t ion  plays a critical role in measuring “winds” by means

of the ionospher ic d r i ft  technique. In the ionospheric d r i f t

technique , measurements f rom at least three receivers are used to

deduce the spatial correlation function from a temporal average:

~ T/2
R(Ax ,Ay) = Un E(x ,y , z,t)E*(x+~x3y+~y,z,t)dt

—T/2 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

(1.2)

ç T/2 21E(x ,y, z,t) I •T

It should be clear that equation (1.2) has an explicit

dependence on the absolute dependence (x,y,z) as ~x and ~y.

Nonetheless, experimcnters equate equations (1.1) and (1.2)

One can show that the only way this can be true is if the

angular spectrum is randomly phased -- that is if:

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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F(s~~,s~~,t ) F ( ,  sY~,t) ft(s11 s~~,t)j~ ~ ( s
1
-.s
~~

) ó ( s~~-s~~) u .~~

whe: e F , , , t) is 4 component of the anqul ar spect rum of

~ 1a i i e  wav es h av i n g  complex ampl i t ude F ~~ , s., , t) t r~ t v e l  m y

~t d : rection spec i lied by di  iect ion CO S  1 l i e S S
1 , 

S.~ , S~~ whei e

S
1 ~ + 5 3 1 (1. 4)

One c an  a lso  show t h at  no phv~
; ica l i y t cal i~~th1e ~i i i q t i l a x

~ pe~ t r um  can be cxact I y : ~in doin l y phased , bu t  t h a t  a sp t c t  rum

may be approximatel y rand oml y phased so that equating (1.2)

i r s l  (1 .1) may be justit jed for relatively small v a l u e s  ot

x (1!1~ A y .

L 

Thei has been o n l y  one exper imenta l  i n v e s t i ga t i o n  ut

t he  validity of the RPASA . Von Bid (1969) d ev el oped t

t e c h n ique to measure the spa t ia l  co: relation of the comp1 e~

t i e l d s  r e f lec t e d  t rom the ionosph e r e .  U s i ng  n~~a i l v  norma l

:nc i dcnc e echoes i n  New Zea land , von B i e l  concluded t h a t  P 1 ecioi i

echoes d id  not h av e  a randomly pha sed a n g u la r  Spt ’Ct rur i .

We impl emented von Biel ’s technique  at R a 1 e i~ih , NC with a

100 kw (peak pulse  power) 2 . 6 6  M u :  t i a ns ni i t t e i  , a L’ i i cu l 4 r ly

polar i zed t r a n s m i t t i n g  a r r ay  and f i v e  h a l t  w a ve  dipoles se p ar at ed

by k / 2  spacing . A necessary condition for the validity of the

RPSASA is tha t  measured co r r e l a t i on  fu n c t i o n s  ( s ay  fo r  a sp~1c i n l

of a h a l f  wave leng th)  should be independent  of posi t i o n .  Out
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c t  ~ ~ r l  i ” s L . t c t - ~t a h a l f  t v c l :~c t  h ap a r t  pv t l u i t t  ed a

b I  i t  1~~. t t  i~~li c t  1 0 1  m~~,t s u t  t I t ~f l t  of  the comp lex  cor r eh t t  ion

ic  1~~nt  i v a l  n a t  o t  One h a l t  wave length separat ion over

a : 5 t 1 5 ; o  c t  d ’so lu t t Is cSi t tO fl S which extended t o  2 w a v e l e n g t h s .

t a t  t e n s  in  the four correlation measur etnent s can be

5 ’ t u s i d l v  :.ur ’l I Il~ i t  I ( ‘I S , noi ~e and m t  ci t t i  ene c , or a t r ue

i t  t n • ~. r i ~ - . i n u l  V Si s wa ~; pt x t c i t u o d  ( b y  UN’1’)

~c t i ~ -h  .h~~. , i  t h ’  nnI .s ‘ lit ~ t . i i t l  t o ) l i t t ’ 1 t t ~ i t f l C t  i t t i o  W 4S

\ t ~~ v h i~~t , t h e  t ’ ! t S t . c t  ~~~~~~ e a s u :  e~ c c : !  d a t  iou I ~mct i . o i i  was

t o  ~~~: t~~~l ’ - ( 1 0 1  . F’ u: t h e ’ r u c t e , it  L t t q t ’  t p t i c t t i e n

t i  . t r i c i~~ ~~~~~t X  t t h e  i . t ~~~ i t  t tu d e  of t h i  ~-o r i chit  ion t t inc t  ion

t i E , i~~ L t t  I V c i \  l~~~ %s l i V il S  O t i l i t t i t t i t l t C è  can C 4 U St

a I ~; ~ ~~ ci  1 U t lie r ~~ .t  s o t  erno u t  o the ma qui t tode or t he

c o t  u o l i t  ion  1 u n ot  I O U .  How eve r , tor signa l to in t e i  t t ’r e u i c e

t o s  o X  q t c . t t t l  t h a n 10 db and for st’pcuations suc h t hat

h i flki l f l i t  t id e ’ or  t h e  t i t ic  c o i x  e l a t i o n  is not sm a l l , t h e  e t t e ct

ci l i t t e l  t d r  e f l O c ’ on th e ’  m e a sUr ~
-’d magni tud e o f t h e  ccx i e lat ion

t r ~~ic L 101) 15 c l i !  . t b l  e .

i t  i cc : d t a on cii  day s  ot  excep t  i u n a i l  y low i n t O t —

:~~ i ~‘t ic t ’  leve l s , u e du ct  ion  of the av e t aq i n q  t ime from 20 t.o 5

u i  u n t t  i S  ~ ‘! cdi ~‘ed ch tui ’t~~ c l e s S  t h a n  ~~ i n  m agn i tu de of t h e

cot t i at  ion  f un c t i o n . V a t  i t  ions u t  a p p t  oxiniately ~ % d i e ’

ch a t  qt ’d to samp l 1 ii~! i t  r o r  . Data p ro c es s i ng  was  rest i i  ct ed  to

I (0 0 !  ds of  ‘O m i n u te  d u rat  ion a t  al ti tudt s who e’ the  s i ~nal

t O  i l l  t i t  t e t e f l o d  r a t  io w i  s qr e at e r  t h a n  10 db . S’une ’ me i su rement  s

ci  t he ph i  se as w e l l  as the magnitude of the c~~ t ci at ion

_ _ _ _ _ _ _  — ~-~~--~~~ ~- - --x--~~~~~ --”-- I



_ _  
-~~~ ______

5

t t t r i o t  t o n  were ob t a in  OLI cii a s of e x c e p t i o n a l l y  low noise  a nd

ex tat i es will be shown.

Dat i j c c u i r c d  ~iu :  : l i c h e  per iod M ay ,  1976 , throug h October ,

i~ 76 , consi sted of 20 minute data runs taken around local noon.

Pu l se  repeti t ion f r equenc i e s  of 16 pulses per second were used

an d  measurements  were  made at two kilometer  in te rva ls  in the

al titude range 60— 100 kilometers.

A r i t u s u l  e~ of the.. v a  . a b i l ity  of the foa r  va lues  of

co: r e l 5 t t  ion m agn i t u d e s  f ox  t a - h  r up  is the percent  standa rd

d e v i a t i o n  (PSD )  .
‘I

rsri = x 100% (1.4)

where M and c are  the mean and standard

devia t ion fo r  that data run .

A summary of the correlation data as a f u n c tion of

a l t i tude is presented in Table 1.1. N is t he number of

i n d i v i d ual 20 m i n u t e  o l -servat ion s  used at each a l t i tude~ and

- ~ and ~~5 are th~ averages of the N means and the N standard - 
-

( d e v i a t i o n s  a t  each a l t i t u d e .  The largest PSD value  and i t s

assoc ia ted  mean is al sO ’l :  t t . J f c r  each a l t i t u d e .  The largest

va lues  of PSD for  six o t t h o  s i x t e t ~n ~i l ti t a d c s  were  the

result of a sing le 20 m:nut& obse rvation. The low -

values of the average PSD (~~5) ind icate that the remaining

PSD ’ s wtre much lower (at least for those al t i tudes  with more

t h a n  one observat ion’ . We conclude that at ~u1 altitudes ,

the maqnjtude of th~t complex correlatlion function for spatial

4 
— — —-~~~~~ ‘— - --~~~- --- - - - —-—

~ -—- ~rn -- - -~~~- -- —5- — -. - .  -~~~~ 5- ____________
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sepa rat ions of ,- 2  i~~ essentiall y independent of position at

leas t  over t he  2~ range of absolute positions used in this

e xp e r i m e n t

To t h e  ~~~ n t  ha ~~~
- nss triitude of the correlation

f u n ct i o n  i n 0 . cp e : . J e t 5~ of p os i t i on , the  RYASA i s  val id.

Ih w eve i , t h i  t s .~s e ot  — h& cucielation function has  not been

shown t.o be inde pen der t of p o s i t i o n, s ince , except on r ar e

occasions , the  si gna l  to i n t e r fer e n c e r a t i o  of D region

echoes was not l a rge  enoug h to pe rm i t  r e l i a b l e  phase

me a sur emen t s . An example of such a rare occasion is shown in

F i gu r e  1.1 .

In  F ig ur e  1.1, the m a g n i t u d e s  of the correlation functions

for each pai l of o b s e r v i n g  stations at each altitude are closely

qrouped as mi g h t  be expected for a complex correlation funct ion

which is independent of position . The phase plot s ha ve the

same fo rm , but  t he re  a re  obvious o f f se t s  between them . (The

s im i :l a r i t y  of the phase  plots  is in d i c a t i v e  of the f a c t  that

i n te r f er e n c e l eve l s  were  wel l  below D reg ion echo l e v e l s .)

1.1 E Region Tests of System Operat ion.  Echoes f rom a

q u i e t  E reg ion , c h ar a c t e r iz e d  by stead y or ve ry slowly f a d i n g

amp l i t u d e s  f rom a very restricted range of altitudes , were

used to test system operation . Figure 1.2 is a plot of the

m a g n i t u d e  and  phase  cs ~ e complex corre la t ion  f u n c t i o n  of an

echo f r o m  t h e  q u ie t  1. x t - .j i ox ~ . The c a r re l  a t io n  t - t - r c t i  an was

evaluated for spacinus of \/2 , \ , 
~~~~~~ and 2~ ~ nd t h e  individual

dat 5 points have been aontiected by stra ieht ii ix S.

- - _ _ _  
_ _ _

_________- 
-

~~ 

-~~ _ _ _ _ _ _ _ _ _ _ _ _

21
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Figure 1.1 Correlation magnitudes and phases vs. altitude
at four positions of A/2 separation.
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Figu re’ 1 . F—region spatial correlation f u n c ti on .
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‘rht ’ m at m i t~~dt ’ ~ t the’ cc)rlelatjon function is essentiall y

u n i t y  at all the observed - spacings , consistent with a nearly

specular rei lec t ion from the E reg ion. The phase plot , on

the other h~ rid , is quite irregular. It was observed that

the phase plot was similar to a contour plot of the test site .

Si nce’ the  phase ~;hi t t  in r ad ians  is given by ~~~~~~~~~ where h is

the  e f f e ct i v e~ h e igh t  above a reference plane, ver ticall y

inc ident wav es  can be used to obtain a map of relative

ai- iten na a l t  i t  i ides . On the average , specular E reg ion r e t u r n s

are expected to he v e r t i c a l l y  i n ci d e n t .  Ei ght  phase plo ts  of

quie t  E r e gio n  echoes were averaged to produce a plot of average

phase o f f s e t  w i t h  respect to the re fe rence  ant enna . When

these averaqe phase offsets are subtracted from the phases pl o t t e d

in Fi gure 1.2 , the resulting phase plot is linear with

separation distance and is consistent with an apparent zenith

angle of 0.45°.

The E roqion tests (made with very high signal to

interferenc e )-.ltio echoes) are evidence that the experimental

system can measure the complex correlation function of the

incident fields. The measured phase offsets then explain the

disp laced phase’ curv ’s of D region echoes in Figure 1 .1.

We conclude, therefore , that D reg ion echoes satisfy the

RPASA in a local sense -- that ia , over distances of at least
two wavelenqhts , the RF)~SA seems val id. Equating equations

(1 .1) and (1.2) se~~ s valid —- at least for the Raleigh area .

- 5 - — -  - - -~~~~~ --~~~ 
- - - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- ~ one A !lt ;1  
~~~ . !~‘ ~~~~~~~~~~~~~~~~~~~~~~~

The ~iira y ot f~~vt  d i pole an tennas and the val idity of

t h e  1~ ;- .~\ l~~~1k i  p~ t 1 -  the estimation of the half power

w t e i t h  ot  t i n  . t i n ~ n : n ’ ’ e e ’ r s pe ct ~~~~ The a ngu l a r  spectrtnn is

~Ieneit ed l y

P(n 1,~~ ,, t )) — 1~~we ’r d e ns i t y  associat ed w i t h  a pl ane

wave with direction e- ( ;ines 
~1 ’~~2’ 

and

S ~.

The 5 t n -j u l a r power spectrum and the spa tia l  co rn  elation

t une t n u n , ( 1 . 1) , i i e ~ F our  xe’r transform pairs. Assume that the’

two ej i rnensiona .l  c’~~i i è l~~Lj O f l  f unct ion is i sot ropic  and is of

t h e  f o r m :

p ( . \ x , A y )  t~~~~~~~~~ -ll~~~~~ ~~
‘
~~~~

) + (~~y
2
) } exp{~ B2r2} (2.1)

w h e t e  ~~~~ 
( 2 x ) 2 

+ (Ay) 2

Th ~ one d i r u n r  ~ona l ( iso t rop ic)  a n g u l a r  power spectrum

- ~~ exp{-(~~~)
2) (2.2)

whe re F( s~j~ is t h  ~n9u 1ar power spectrum of the backscattered

echoes a s a tuno t i~ n ~~ ‘ s , the si ne of the z e n i t h  ang le.  W e

clef inc  t lie h a l t  p i- - ;  - dtdn of the a n g u l a r  spee t rum by:

)I

_

~

•
S ~ ~~ ( 2 . 3)

~ 

e~

- B ~
— -  -,

- -
~~ij .  

— s i l t  p1/2 — tn? — . ,I (2.4)

_ --5 - - -  - --- -5- - -
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L ’~~;~ ~~~~~~~~~~~~~~~~~~~~~ the e~ perinlenta11 y determined

spa t cur - t l u r  e’~ e t  ion for  separations of 1/2 , 1, and

1 1/? , WaVe’l. r:r ’ ~ ~~~- : t  P~~ut~ to est 3mate the parameter in

equation (2 .1) and these estimates used to deteniiine the

h a l f  power angle of D ree,jiort echoes f rom equation (2.4)

in Sect-ion 1, an analysis of the effects of interference

on the detcrm inati~on of the magnitude and phase of the

spatial correlation function was used t.o show that even when

signal to i n t t ’r 1” ~ ence  i- 5 it i o s  were hiyh , the magnitude of

t h  spa t i .il e ’orrc1.~ t ion f unict ion evaluated at large separations

w h & ’ i e  the rn~u;rn i t ,~ te v,tI uc is  low) is l ikely to be in er ro r

(lw to m t  erf e r  e ’r  e . A I mor~t all values of the magnitude of

D reg.on spa t i i i  corre1 i~~iun functions at the two wavelength

separations w.,re too low to use in the least squared f i t t ing

proc edure .

Figure 2.1 is a plot of the magnitude of the spatial

correlation f u n ct ion at. altitudes ot 68, 72, and 76 kilometers.

it is not an a - t v : . i i c c l l set of curves . The rms error in

I i tt i n ~ the  d~it ~ pi in t~; ~ur tIn. 72 km curve at \/2, A , and

3 2 ~~~ .0.’ ~4 . ‘r n -~ ,~~~ ‘ I  1~ rms error caused by interferenc e

W d S  t - r t  ~li • - . nc’ e t h e  error in the curve fit

is l~~-~~- t 0-i ‘~~~ r t_ - ~~ -~~p t~~~~~ : d u e ’ tci interferenc e, (2.1) is

~ - t i d  ~~O ~~~ 1 ‘ :~~~~ ~~
‘ r~~~ tlio 72 }. ilometer correlation data

and tLe t one e~5~~i - : n t i  is likewise classified “good. Pecause

s~m i na ~ erroL va l ues were found for many other spatial

correlation curves , it was concluded that (2.1) is adequate

for COlIC •‘iig le estim ation provided that the signal to inter—

- ----5- —-5— -5---- 

—— 5- 

~~~~~~~~~~~~
- -
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1.0 1.S 2.0 r

Ft~ ure 2 . I D—r.gion spatial correlation function .
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feronce ratio is 9r eater than 10 db and the f i t  is limited

to correlation values which a re not too small.

Equation ~2. 2) predicts s~ qiwJ s f rom angles which

are larger than is ~ i n v ~~~-ra ~~l y uos~ ible for the D region.

We expect the G5i ~s r; i 5ir . approximation to the true angular

spectrum will fa’l ~it  ve ry  large zenith angles. The

experimental data, to be presented next, indica tes half

power angular spectral wi dths, O
~ 2, of less than 25° so that

truncation of the angular spectrum at 0 90° should ca use

no serious errors.

2. 1 Summary of Cone Angle Results. The cone angle

data obtained from D region measurements made around local

noon during the period May 1976 , through October 1976 ,

are plotted in Figure 2.2. For each altitude, Table 2.1

lists the following :

N — number of cone ang le estimates at each altitud e

~1/2 mea n of the N estimates at each altitude

01/2 - standard deviation of the N estimates

— largest of the N estimates of the half power width
at that altitude

The moat striking feature of Figure 2 . 2 and Table

2 . 1  is the rapid rise in cone ang le between 68 and 78 kilometer s.

Most of the data be lc’ w 78 ki lom et e r s  were obtained with x

wave po 1ariza t~~~n i - 5 - -~~t i~se of th e oen cra l ly  stronger x wave

returns at lower a l t i t u d e ” . ‘rhe increase in cone ang les

betwe en 68 and ‘8 k i l o r v . r t e r s  is p~obab1 y caused by th. r apid

ri se in X-wave abs orption which causes the X wave amp litude

- - - --_ _ _ _  - -
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h N 01/2 ~1/2
km number degrees degrees degrees

70 11 8.5 2.32 12.8
72 1 1 10.9 2.39 15.4
74 10 13.7 3.28 18.8
7 i ’~ .t; 4.02 20.6
711 1’ ,i 4.68 22.3
80 12 . ~

‘ 2.72 17.].
82 lJ 12.0 1 .53 14.1
84 Ui 12.0 2.17 15.4
86 30 11.8 2.24 17.9
90 4S 1.2.1 3.08 20.7
92 -19 13.3 3.04 20.3 

5

94 47 13.7 3.30 21.7
96 48  13 . 8 4 .30  21 .8
98 4 1 13 . 7 4 . 77 2 4 .8

TABLE 2.1

Cone Angle Results -- Summary

I



_ _ _ _ _ _ _  ___ _ _ _  —5-—-5— --—-- - --- - --S- — .-5S——-- - - —5-----

17

t e ~ L 1 - 1 ( ~t I ~~~is . ~ t ~ ~~
- . C~~~n’ - equentl y ,

S t I L ’~~~l L I  > ,s is ‘.~~~~ ~• t  i I s ’ s~~ t ’ r  .~~~~ t itu de s  ( a n d  1ar ~ er zenith

0 - 
~~

- :.~~ .i e : c ~n t  so t h a t  over the

— 

~~~~~~~ . r~~ :e  of arrival increases.

S. - 1 .  :- c - -, ~~
- -

~ I .  the X and 0 wave

S • 5~~~~, it -~~~ean cene a nq l e  is

~~ ~~~-~~ 3 e~ ie es. The standard

dev~~-~~ icn , 
~~~~~~~~ 

, ,~~~~~ -a~ -~~~s w i t h  altitude. Note that the

hi ght ’r a l t i t u d e  d a t 5 C  have ve ry  h i~~h si gnal to interference

~ at ios so that i t-it  ~ r f erenc e ca n be eliminated as the cause

of  the n~’ a ~;ed ~‘o:re 5 in ~~i e var iab 1 it v  at  the h i g h e r

alt i t  ~ ais.-s .

~ . F~~:-~’c of  Cone Ari 5r 1 e m l  s on the Paitial Reflection Experiment

3. 1 5-
~l~~i~ -~d~- ~ - i ~~t . t  ~n~: and  no t t - r n : t  h . D—reo ion

5 t :  ~ I t - a n & r t  I v  a~~m:i. -d o c 5 ’~’ . ’ t oni a hot I zontal

n i al  t h t en~~ L (I - = ~~
-
~~~- wh o  c t he vacuum ve loc i ty

0 t 1 I~~ h and t t ho r n  n o  - -  r 0~~
-
~

’i L e n t  o r  ~•d at. a height

R . h 1 - 5oa r - 5 ~~~~ ~. l l L  C U~ \nlt tlr . - o~ th e W d V is tont , net all of

~ h~ ~~~~~~ er r  no  5t ~~i is 5 i S  ~- o nt  a r r t n ~ w r r - r t he  n1~ th . The

C C t t - a nq \ ‘~~ I t - a n t h e

ho t  i .~(~ i~ t , e 1  n l 5 t b ~ n ~~~~~ i:~~~~~ r~~~5 o - t  i n  . O ; : t  -~ i i ~~~ 5il t i t U d e

r .~n,~’5 t ~ 1 - - .

- n  ~~~~~~~~ t r c n n  o t ‘~~~~ ‘ n~ a a va - ‘ at o rh 5 ’wn in -

I ~-~ut ~ ‘ 3 . 1 . T o  v lt cr a t o r ~~’ -. ~onr or ~a~-1n’1 ~~~~ l~c11s

0 I C  K f l C r -  S I . l’ho i a r t  I a w i a ~ I - I I ,~~ ‘

a ri d h~ f a ~r 1. 1 ‘a r ,  1. is r-~ is C S t  1 / ‘ at

- - -—~~~~~~~~~~~~~~~~~~~~~~~~~~~--~~~~~~~~ _ _ _ _ _ _
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~l/2 > °B where is the an9 le at which the outer edge of the

spherical shell is at the height of the bottom of the horizontal

slab . L

1 R -L/ 2
= COS~ (3.1)

The total volume of the shell section is:

= a:~. (1-cos 01/2 ) (3R ~ L + ~~~~) 
(3 .2 )

The vo lume of the shell section inside the horizontal slab is V
~~
:

V5 = ~~~(l—co s 01/2 ) CR +L/2)
3 

— 1/2 tan 2O1/2 (R
0—L/2

)3] for 01/2 <

V~ = 
~~~~~ (1—cos 0B~ 

(R +L/ 2)
3 

— 1/2 tan
2
0
112

(R
0
.-L/

2)
3for  ®1/2 >

L
The percent volume in the horizontal  slab is

v
- 

V % = v
S x 100% (3.4)

S tot

Values of V %  are listed in Table 3.1(a) for severa l values of

pulse length and angle 01/2~ 
Of interest are the angles 01/2

where fifty percent of the scattering volume is inside the horizontal

slab such that

V % = 50%.
S

Table 3 . 1(b )  l i s t s  e X a J I F I C a  of which sa t i s fy  ( 3 . 5 )  for

several heights and .~ul~~c l e n g th s .  The angles 0B are also listed

for each height. It can ~e seen that the angle which satisfie5

the condition (3.5) is given approximately by 0B for  2 to 4 km pulse

lengths.

__________________________________ _____________________________________________________

-‘- 
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or i n o  VL I ume Percentages

V % for L 4 kir V % f o r  L — 2 km

______
O 9 °

~~~~~~~~

l3° i~±~° 
e~~ 

~~~ 
8
½
=l7°

68 19.5° 90.3% 79.4% 64.0% 13.8° 79.6% 56.9% 33.8%
74 18.7° 89.3% 77.4% 60.5% 13.3° 77.8% 52.9% 31.1%

80 18.0° 88.4% 75.4% 57.0% 12.8° 75.9% 49.0% 28.7%

86 17.3° 87.5% 73.4~ 53.5% 12.3° 74.0% 45.5% 26.7%

TABLE 3.1 .b

r L 0 ~0% 0o 1/2

68 4 19.5° 19.8°
86 4 17.30 17.6°
68 2 13.8°  14 .0°

As the cone angle 01/2 approaches 0B ’ approximately

50% of the scattering volume 1~~es at altitudes below the horizontal

slab and sign i f ican t al ti tude smear ing is present (in excess of

that expected from the spatial extent ~~~~
) . The cone angle data

of the previous section suggest that for x waves , increased

a l t i t u d e  s~i e i r i n ’ a  is present  a~ ranges where decreases with

u~~t at u de .  C - a : r a a a r r T ’n t ly , r e gI o ns  where  ~~ x is nega t ive  can

present  proL1e~- - ~ :or the  :~~r t ia1  r e f l ec t ion  experiment .

One ~ p e r L~ o~ the sca t t e r ing  volume apparent  from Table 3.1

is tha t  for  a g iven cone ang le ®1/2’ shorter pulse lengths

have a smaller percentage of the total volume in the correct

h o r i z o n t a l  slab . W h i l e  nhe  ac tua l  a l t i t u d e  r e so lu t i on  is improved

by us ing shor te r  pu l se  l e nqth s , the r e l a t i v e  e f f e c t of a given cone

ang le is g r e a t e r  f o r  sh or Le l  -j i s a s .
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3 2  - ; 
~~~~ . - - - I 7~ Rat io. In

5 - - - - - -  
~~- 0

view of the 1. c t e : 5 L i~-t i~ ~ iOU . a5 ’.a~E u a . . f f c . i n g  cone ang les for

o and ~ po1ari ::a~ in n s , .‘-ionc es~ .l O~~~~t o~ tho  e f f e c t  of this

cI~ f f e r e nce on t - 1 :  ~~~ ~~ .. c- ~~t C ey . r i :a~n t  is necessary.

T L 1 o  3 . 2  ~~~~~~ .~~ Tn~’~~L of n r c  ng le  data  run fo r  X—wave 

- 
:~~- C) :1 s q Ua r e  of the

nr - - - - ~-~~E k r-’ . Al so

sho~~;r i n t I r e  :c — e - ~~~ i
. a •‘a1 ’~ -a . of the cone angle 01/2

and caicu lated  v a i u e~ of B ~~~~~ \
5

L 

~~1/2~ 
.

Table 3.2 Relative Power as a Function of Altitude

- 
L_ .
~

_ _ 
-- - 

V
5
% (01/2)

1 ‘9 5° 9 1 . 3 %
70 3987 10.40 19.2° 86.5%
72  4 1 0 3  l .2 °  18 .9° 77.4 %
74 3141 ~~7 8 °  ~~~~~~~ 56 . 5 %
76 2 2 9 5  2U.5t 18 4° 41.9%

- - ~~~~~~~~ -
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First note  tha t the neatt s~j t i t t e d  wave amplitude increases

from 68-72 km arid then dec i oases  f rom 72 to 76 km. The cone

a n g l e s  appea r to i x l c -r e . l se  w ith increasing altitude and exceed

11 degrees , the mean c o n e  ang ie  assoc ia t  ccl w i t h  the 0 wave

(see Sect ion :~) at  alt i t u d o s  a h ovo  7: km. At altitudes of 76

~~~ and aba~’~ ho c n t  m o l t - .1 I r t i s - a t o r  than ~~~ Cone angle

ent  L ! n l t t ’n 1 or  ~ ---~.-av e  t - h - t I n  h e - l o w  80 km could not be made

becauat. - o w n i q - a  i I t t ~~~L i t  udt-~ ior  this polarization , but

it is assumed tha t nuc h sast . i r i a t . on wo uld be less than the 13

degree mean 0 -wave cone angle .

The s i t u a t i o n  is as f o l l o w s :  X waves are  scattered f rom

a spher ical ,  she 11 w i th a cone  any l e vary ing f rom 13° to 20 .  50

in  t he  a lt jtudo j f l c f t a~l r ; c - S  t rom 72 to 76 km , whereas  the 0 waves

ar e  coming f r o m  a sph e r i ca l  shel l  w i t h  a cone ang le of 13

(io~~reC5 it a ll al t ituden . The scat t e r in q  volumes for  the X

and 0 waves  ar. c’ ~t i t  t t ’ t e n t  . The problem i n  f u r t h e r  compl icated

by the t ac t  t h a t . t h e  sc a t t . en i n i  c r o s s — s e c t i o n  per u n i t  volume

for  each polarizat ion is also a function of altitude.

The r a t i o  of t h e  power b ac k se at t er ed  by the 0 and X modes

is proportiona l to the ratio ot the Bcatterirrq volumes for both

modes. We ask by what  f a c t  or m u st  the measured power ratio be

mu l t ipl ied to Conver t  i t to t h e  oawer t a t  10 th at  would have

horn obtained had t he same vol un ion  la - i - a  i tt  1 1 1 nod (neglecting

the  a 1 t i tude var lo t ion  il t h e  d o  Sn - — nec t ion  per u n i t  volume)

Ut i i  vZ  inc t ~~~~~ pOWt’ r ~ I- ’ t ’C t rrm~ 5i ppi-ox m a t  ion

~ (s) 
2 

= ~~~~~ cxp { - . t~~ ~~

‘
- (3 .6)

1/ : ’

— ~ -p ~~~~~~~~~~~~ - -5-  -,
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O fle  can show t h a t

( 3 . 7 )

where  
~ l/2  i s  the  s i n e  of °1/2 for  X wave

po 1 a r i z a t  i on .

Ta b l e  . 3 q l v t -n t he  c o t  i -~~~t r~ t i n  by which  the AX /AO ratios

a ~.e -  i a t  •d ‘~ it i i  t he W i t  a o Tab  1 . I’ mwu~- t. be m u l t i plied to

‘1¼ 000nt t oi ti n  - d t I t i  or - nt - a t . or i i i~~ vol nines f o r  the “X ”  and

the t ) ’  w a ve s .  Nt it  e th at the  cot t ec t ion is the rec iprocal of

t i m e  square root of equation ( .7) and that t h is  is s t r i c t l y  a

geometrical  coriec tion  which  does not proper ly accoun t fo r

the  d i ff e r e n t i a l  b a c k sc a t t t ’r  cross sect ion as a f u n c t i o n  of

a l t i t u d e.

Table 3 . 3  R a t i o  Cot rectioi-mn As a F u n c t i o n  of A l t i t u d e

h N n , m \ ’ t - I Correction
Factor

72  
~~~~~~ .

. ‘ 1.00

74 1 / .iI .80

76 2(- . .71

Obl ique echoes associated with X waves at  a l t i t u d e s  where
aX

is negative can r e su l t  in  s ub s t a n t i a l  errors for the

ra t io  r e s ult i n q  in an over& st in tl i on  ot  t h e  t a t  j o  and an under—

e s t i m a t i o n  of th~ elec t t o n  dt ’~r r ~1t  v o I t r - s t ’  t o - - i on s .

-- -- -—— ~~~~~~~~~~~~~~~ — —  --5- 5- . .5 ~~~~— - . -
~~~~~~~~~~~~~~~ 
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bec .t u ~- t - ,
~~ r - t ~-u  r - - t I t - .i v i  - a - n ra i I e t V % X~or A

S

‘~iven cone ~~~~ q L t  ~- a i i l  n~~ i ~ ~~~ t he-  i ’ t i l r - o l engt h  w i l l  not

increase t h t ~ hei~i i t t  ~~~~ I ~:t ton rim h ole , l l m c e S  whe re  ~ 0.

A short e~ pulse  1 t - r igt h  i nct  t a n t - s  t h e  nr ~- a s u r  oil A.~ /A 0 r a t i o

at such ranges. A rep renit-utative plot  of A~~-’A0 
ratios obtained

wi th  25 and 1 2.5  ~m s pu i rrc- .- . i~ - shown in Fiqure 3.?. The ratio

is seen to i imc i- eas t -  b r  t 1w :dioi t t i  p u l s e  l eng th  where the

X—w av ~~
- m r a ~~ 1 i t  r le  dec i e a r;  ( ‘ I  w r t Im i r e -  - li t . The SNR was la rge

-n o i r I ~~i l  t r o t  o 01 1 oct t he ~ 
I 

1 a m eat n u t  e t n e i it

I . 1~ do  Cent - ~\ r r ~ i~~~~- l  ~t i a l  l - 1 t - , t  i~~~r rensi _~~~ Minima . One

of t i me pl ma -l p.t i q i m ~ t . - i  t i n ~ . r r 0 5 t h c ii wa s  to i d e n t i f y causes

Of 01 IOJIt’OUS ci ec t I i t t  ~i i i i ;  i t v  pi o t ii or . Two c - i  t~~C t ion dens i ty

prof i i es at e i i 1 US t ~a t ed i n  F i y t i r e 3. -~ am id  F 1 q or e  3 .4 . The

local m i n i m a  i t t  ~ lt~~t ton d o r m s  i t y at  78 km and  80 km ~ix e the

port ions 01 the p i  0 t t los  in  q i m e - l ;  t i o n .  M i i i  i ma which occur

below 72  km ar e  n~~t ~1ue - s t  t o i t o c l  b t -c - . t U~~ e ’ of 
~~ 

ro; i hi e innacuracies in

the r a t  I h I  m e a s u m  oam , -n t  a c nitir it- ~. l by t n t  o t  I t - i  of l t ’ t ’ an d  n o i s e .

Ct ~n t r .  i i. t h - - i i  V - - I I ; . I - I I 1 - a ‘ l I t 1  1 nq X—wave

~~~~~~~~~ mn ~~l~~- f t t ~~ I iii t o p  - - I -  i i  t h ~ - t o t . ~ott ’ the 22.30

- - - 
~~ 

- - . - - I - -   ‘
~

- ‘ . -t in i mum occurs.

\ tin t a  ~- - - - , - t U - - - - -
~ . m  RI ) kni . A

co n. ’ a nq le icil - - l i t  a - - w -  - - r t h t~ data

of Figure 3.4 , b i t  t - - - - i~~ ~~~l t ’ m l  ~~~~~~ ~~- r c Imt ’d 20.7°
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4.  Ampli tude D i s t r i b u t i o n s  of t~ Region Ec hoes

Flood (1969) proposed that 13 re9iori echoes were caused

by sca tt er ing from refractive index fluctuations. If this

mechanism is operat ive , the amplitudes of the echoes should

be Raylei gh distributed . The Rayl eigh probability density

function is:

p (A ) dA = ~~-~ç exp(-~ —~ }dA for  A 0 . . . (4 . 1 )
2o —

where p(A) dA is the probability that the

signal amplitude is between A and A + ciA .

The data anal yzed consisted of 10 minute runs

during which the transmitted and received polarizations were

alternately right and left circular (“ordinary, ” and

“ extraordinary ” r espectively] . For each transmitted pulse ,

the return signals were sampled at 2 kilometer intervals over

the range 60 to 100 kilometers . Ampl i t ude d i s t r i b u t i o n  histo-

grams were computed for  both ordinary wave and extraordinary

wave polarizations. At a typical prf of 8 pulses per second ,

a total of 2,400 “0” and ‘x ”  wave returns were available for

each 10 minute period. The data were screened for noisy and

saturated returns at each altitude. These restrictions

ef fectivel y set the lowest a l t i tude  ~or wh ich valid data was

availabl e at 70 kilometers . Only 1/4 of a ’]. the available data

runs passed the screenin9 procedure.

The data samp les at each alt i t ude were normalized to the

sampl e mean value and eiqht “bin ” histograms were computed .

_ _  
_ _ _ _ _ _ _ _ _  
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The CL~-’; r~ i~~~- -d o t r - ~~a i s  c- ct  ~ s : ny  si x  d e g r e e s  of freed om

(‘~e had aor ;r i -r  - - -a  . ;n  t’a-les was appl ied to the 

~~~~~ c- - r.a J i - a .  of the  Ray le igh hypothesis

was  set - - 
~~~r - ~ h u rT l €-v- -° —— i.e., r:re probability that the

~Iifferen~ ns betA ’ or: t o .  -~~ nt -i veu (data) distribution of —

amp l i t u i~~ - an  r h -i t e xpec te i  ~ r o i r  d t I L  ~ay 1 ei gh d i s t r ibu t ion

could be (-aasecl by sampling error is less than 10%.

A summary 0:1 the  Ch :-squared tost results is shown in

Table  4.1. Th€ :;amtation in the table is:

ALT = a1titud~- in k ilometers

N = number of screened 10 minute  observat ions  at that a l t itude

CL% = mea r confidence limit of the ~; observations

N 10% = number of 10 minute observations that were rejected at

the 10% level as not being urawn from a Rayleigh population.

Tabl e 4 . 1  Summary of Chi-Squared Results

ALT 70 72 74 76 78 80 82 84 86

N 20 23 25 23 26 2 5 23 24 23

CL% 42 44 39 41 44 51 41 42

N10% 2 4 2 2 1 1 2

— - — — - -5~~~ - -- — — U — — 
——
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i~ t :  L • r ;~ 1 ~~~~~ ‘ t r o t - n t  c c r t  i -n ;~ cut~~ f t  had been

~o - t - . ,  ~~~~~~ ~
- - o ’ o • isc~~ Ict have l e e . c iec t e d  (no t -  f rom a

P~~v I  0~~- t ~ ~~~ 
, ‘ . -

~ - I _ t  a v c - i  ~~~~~~ C ’ I i - - , ~~ 1I~~ I~~ ed c -o r f i d e n c e

1 e \  t - OX 40~ r - ~ - : t~~~
- h y j~~ t e~~~ 

- L t the  amp l i tude

- ~ t r  i~~ n t  i o t ~~-. • 1~~t v I  .. ijh d i s tr i b ot  t -d ~nd , by i n f e r e n c e,

t I . - cent ( - F t  ~
-‘fl t - i t  v - -i : m ’ t -  s~- t t t  e r  t I 0111 a con t inuous

l op .  of r~ t i a ~ - t  L \ -  r~~ t~ N f l u c t u a t i o n s  is the source

o~ I’ recr 1 1 ~ -~~scat t~ .

~ 1 ~ ~~~~~~~ ~~~~ 
‘-.

Alt ~~t o at ’  o r  ile~ 01 t ~~.- r a ~ 10 o~ bac~~sc5tttered amp l i t u d e

of t he  CXt r a ct  d ’ t r t r ’ .~ w a ve  t - l e  1 - i ’ -kscat t e r  t -d  ;ttn ~- 1 i tu d e of the

d iO5t y ~~~I V p  W0 Y t -  o1-t a I n~~d CV. ’’ an 18 mon h - o r  iod . A l l  of these

~1a t a we .- cell cc ted nct r le- a 1 noon v t r  mum ~ol at ::eni th

a n g l e)  who r  P ‘~ ; ion  e l e c t r o n  101 s i t  i es -ire close to  t he  m a x i m u m

- L i i  I ~ -~-m1u e s . These  ‘ A A “ o~ i l t ’s  w t - i - t ’ su l~ )eo ted  to a series- x 0

‘~~~~~~ ; - t  cr i l - sed t r o o r i  o r - t u r i a t  - - of s t — r o i l  to  inter—

t O T  onc e toT t tos , •~rrThe o t  ~~~~~~ - i t  • d 5 i T l : - ~~.-5 , t he  n umber of-

t ’ (’ I l  1 1 iTS i i  1 ud e ‘ inn which ha a “ : ~~na  is ~ind t he

v~~l m e 01 l i .  sho:  - 1 i ~ ~~~~ ( - 01 i  el  :~ i- ’: r oet  i c r  o nt  at each a l t i tu de .  ‘1

‘ : 1 . - -~~ -~~~‘ - i nsr -~ i n  t h i s  r . o o t  i -o  p t s s  ‘-~~ a l t  I t -  ; ; c t  • - t ’~~~~ - . i n the  18

i i c r.t  i ~~~‘1 1 ( 0  t b. I ’ -. 0 1 t  - 1  - i a m v r -  ;uitcui t . - o - -  c i - c o pt ab i e:  these

- i t  - I - - I \ S • I e y i c -  - - m ’ - i t  y l ; t  0 1~ On -i - O u t  i ye

I )  I t O l l 1 V ~O ) .i CC ot’ t - I .  ~ i’ I i t t  c • - us  . • soc h was the

-a . t- , t i i .  . 1  t - c •  t . i*’ ’~~~~i.  v t - ~i that aa’~ - . - - s ~ O-i -u -~I from the

I V i ’ !  1 - t i  0. t I p  )O t ’o e i i ’- -t  - - r ~- - r s i t y r -  o~ i l t - s  ~~~t ’ !  i vc’d i roiri each

10 U— I ; i ’ m ~ ,- j i l t .
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The ~:i o~~~ I a~ , - - 0 - I  ~
-
~~- :  ~~~~ et .  - ( -on  }‘ - ~‘vides a way

t o  ~it o i r i t ~~~V ~~j • .l r o  L i l t  e l - r i - I  t~~f l C t-  rat ~os. It  was observed

~~~~~~~ 1 ’  - ‘ r ’ c i  -~~~~Fi~~~ ‘t - d  • ‘~~~t ( o i  - 0 t o r -  f uj i r t 3 n n s  ma i n t a i n e d

rb st ~~t r t a a ~ I v  ~~oh - - 5 t i u t ’~ ( a ’  t - ~~t e ~~ o a r  0~~
’) 

~or laqs as long

ma ; 1 4 ,- ;t-i - u i i d  ‘ --0  t I e  -~ T V  C I t  I 0111 0 1 .. nd ( - - t o  d~ - c e i i e 1 a t  e to values

~ > . 2 t ( 1  4 - l~ / ~ - •- I - set o I i i . 1 (  
~~~ 

- - ~ ( - . t -~ V , Wi’ I & ‘~~U I ~ t.1 the

i-oboe’ ; t o ~L m V t - . t  no i n i ’ ed Co t : t - L r t  100  ~u :o- :-. 1011 ol at least 0 . 7 5

i t  a I • i - ;  O t  I 4 t h  U t C O i i d  -

t O l t i  ~l~~ i i s i  t V r o o t  l l t~ 5 1~ m 1ctI1at • -c 4. trout an a~-el aqe of

t h t t ’e C o T i S t- O Ut  V t ’  10 tin f lu t e  Ax At ’ pi -o fi  1 es i~’e r c  e’o mp a t e d  w i t h

o I t ~ 
- on ( 1( 1 0;  1 t i- or  0 i l os  ( - ol ;Irut  ed ~ I \ ’  a\-eI aq itra t hrt-e- consecutive

oo d~~- r o ; i t v  p t - o t  t i c s  ~-~~- I n o - i t t  t-d :oi each 10 m i n u t e period .

1i to - : .- we , d i - ‘ 01 1 bet  W~~~ - T r  t h e  do ~ i- a v& - i - oqi ’ val ues

no ’  . o - i n n i im ~~ e1  , t h. -~ -~ o .- lii i n i m a  1 •t f ld  I fl o u r  t ’ i  ii O i l  e i t  flO

CO T i  n i t -
~~~i t  t ’11 - i~ . O t I  I - i  C - t i t  1 ‘‘  t u  t 1 e - i t o  r ( ‘ 1~ I (01 10’ i - i i , t l ie  d a i l y

SI T e  i i  C O  • t O l l  ~1 -tmn - ty 1 0  i I c  1~0 1 1~ ~~t t ’i 1~~i t  t ’O t t Ofli I l i t !  O V O 1  ~Ie1 0

of - ;~~~~
- vlec t i o ; i  d. - m m a - i t v  p l o t  u i e t ;  d e n  \ tot froi-- 1 ) m i n u t e  r u n s

t a k e n  O I l  ba t  (he —

The 75 av. -ta~o- duo p t  o f : 1~~~ : -  w. - n  ~ dI~~;to- d ; n t o  ~ j ’i n nq ,

~ur~ ner , Fal l , and ~i l n t or  , and oil don~; i t  v h r  L I I  i L-I ;  ~-~ t 1t- t i  that

cat  eLlerv  0 V t~~1 0~1(~¼ l t o  i - i  o n u c e  .11 0 t V ( - 1 1~ ;e - I  ~~ ; io-o  i - n ~~~i t  \ pi - o f i l e

I t O  t o i c l i  S t ’ d l;0 : l . t t r i  a V e r i~ T t -  • ‘H - t ’ c ’ fl d o o r ; :  - or

Sit I t tUt t ’T  _ i t i 1 t~ . i nt - t 0 i O  t lo .~~~~ t r n i o o t  ~~~;~ i O0 l O i l~~~- o o t ’ ~‘ o ~~ c i  in

a m i t  .-  . 1 . • t :i’ i n  - - t~ n~ - r  t i i  ~~~~~ 0 • •~ ;i - r e ¼ - i f  
~ ci - 0111’ . ’ bet_ween

SUITITnel •i i ;~1 W Ifit CO • l oo t o m . i  d I ’ t ; S i tj t  .- •~~~~ _ al f i t  l I l t - I ;  a 1¼ ’’; - ’ 7U

K i I oirue t t - t ~
- — — - to ’  I I t ’ 5 1 - F - - 1 C I 0 I ~~~- O t t  \ ‘  - ~~~~~~~~~ o t  - a osi Del ow

78 hilU flt CI ’ t hi-j~ i n -  ‘ t l i ’ .-~ i 0 C ~~~- _ 5 t i - - ’ m t r ~ t i_h o ~ W O  1 m n O t  -i1~~S.

The C~~ti i t  • ~ p • 1 ~t I~ t ’o  ,- / t -  ‘I_ j  I o n I t t or-;  1 .~ 1 ‘ - i  ‘~ t ’Cfl tile
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W h i t _ e l  o n a  1 , 0 1- ; - - _ 0U Vt _ ~S 5 i i t  b O a - I ?  lOt l o w  78 k i l a - ; - e t t - r - S i t  appea r s

t t . t t  .l~~
-j

~~ ~~~~‘- - l~~~~ n : ~~ I C  t o r  o~~~ei for the to~-ainoctia1

inunt:is. ~~~~~ ~~. 1 1 I 5 1-b , as  a :unc~~ion of altitude , the

se.isonai :nioi a “ii ue~ a~ J the asso- - t a t e d  c v a l u e.

The b eh a v ;o r  o: ~ be seas  -:-o i variation above 78 kilometers

is C O n s i s t en n  w i l l .  i i  u~~- : : i v  n ; t n i a i  photon control and the

behavior n o  -ow 7 ;~ -5 .r I ~-;~~-oers :-~~~ n i  ; to the i n f l uenc e of

~-ncjo i e ti c  ~~~~~~~ n ’ i  -n  t t O t -S C  a1o~~tudes.

‘li: e - n i ; - - ~ f ~~~‘ LnI  •~~ on et~~i~ s cart be m i s l e a d i n g  in

characterizioQ the D roaion c~ ectrort density profiles.

Fi gure 5.2 shows the average winter profile with the associated

le error bars at each altitude. Also plotted are electron

density values for five selec ted wa::ter days with anomalously

hi gh electron densities. The electron density values for each

of these five days are the averaqe of at least 3 consecutive

10 minute curves and exceed the average  plus one c winter values.

Tab le  5. 2 l i s t s, as a function of altitude , the electron density

va lues  f o r  •o ic l i  of t he se  E~ days alo:iq with the mean and the M+o

f o r  an ave r o lae  w into : day .

The absorpt 101; -i i these ‘ amomalous ” days was hian , bu t there

a re  a t  l eas t  two d i~~~t - i e n t  k i  of a no m a lou s  d ay s .  The e lectron

d e n s i t i e s  deduct - t i  t o t  1/S 7 , 1 9T’7, and 2 L’ 7S art - approximatel y

twic e the avei - iac  w m t  ~~~~ v a l  t ies i t ;  th e  r eq ion  l o t  wo t ’p .  80 and 90

k i l ometers and a r e  c~~ua1 t o , or 1 e~~ ~- t  than t h e  av O l  a - a & -  mean w i n t e r

day at  a l t i t u d e s  l - t - l c ’w  8t ~ ~~ i L - i ;e t  t i  S.  On t t o -  ct  t o n  1i~u :d , the

do ta of 12 31 77 a iid 1 1 -
- I1 1 lIti I C o t  t h i  ~ l i e r  t t O  - 

- 
- Ot I m~i 1 va 1 ties

- ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~ 
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- t I n  ~~~~~~~~

I t i t - 0 1 ’  t n t  ‘ - -  t o  ~~~ - ‘ - - I 
~~~ - t . i  1 o - t t ; . t  O C e - l V t O

0 . 4 1 .4  - : 4 ’  — - - ~- I n - I~~ 4 . 1  - - - i \ o l 0 C ~ I I -  t’00 1 1’it’

7 ~1 I I I  i t t  - - Is - t - - - - - - - - I - — - - S - I - - - I \ -
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I I I t I I -  I i  - I i .  1 - I - - 
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~ i g i - t1 ~~~~ l e t - - - ‘ 
- a ‘ - 1 i l - o t .  c. t j a i n  programmable

- - ~~~~-n  ! ~~~~ j . .~ ~~. 
“ so 1 -e~ 

‘ l in e aL  detec tor ——
I i i I t - 4 ~~( I ’ ~~ j t  ~~~~~ 1 1 1 -  I I I ’ I 01  o~~t l t  i o t  ( 2 I 1  count)  A/D conver ter

at  a’r- - I i o - - . t  ‘ - ‘ t O i s t .  a i I ” I ~~‘ . t J I - .

. b t .~ :s~ t t -  - 0  ~1e~ I ( ‘2 tIC r; eans an optimum site for

a P r e - - i o n .  en- .~ t i n t  - t . . ~~s - n ’j i~~1T ;  ~~1~ (7 mi les  (If a very active
sea c a s t  and ~~t I C  ma~~i : n — :- -~~

-
~~ ( 2 . 6 6  M1-I z i s  in the midd le  of the

m a r i n e  band) ~s in corn a n t  commercial  use.  We have found that

m i n i m um  interference levels are obtained on weekends — —  on Saturdays

and S u n d a y s .  Nonc-tIielt --o~;, ~ittempts to collect interference free

data  were  mat ~o t h rou qhou t  the w e e k .  The fac t that we collected a

large quantit -
- ot “ ‘ 511 ict ’ 1t5 ; t - i at On sjtt- was; solely due to the

p e r s i s t e n c e  (It in - l u n i l o r  a i n t l I - o s t ;  of th i s repor t .
— 

Descri n-t ions ot h - ’ -lor- t r - ori ic circuits utilized can be

4 I o u j t c l  in  I I n ~~- i : 1 ; s  ~~ ~ S I ;~~~~~~~ i~~ ( C  0131’ - - ( 1 9 7 6 )  , Green ( 1 9 7 7)  , H a r r i s

( 1 9 7 7 )  , D i ; - ;  ( 19  1 ) , C ay 1 - - l - ~’ ( U 4 RI ) , C ol lin s  ( 19 7 8 )  , and Shir ley (1978)

A cld rtictn i i  - - i ~~~: - : n I v :  - a -  ‘ n ~ 
1 \ * - c  n~~~~~h 1-O n V i  ot ion s  can be found in

the Sn. D. t ¼ I ~ - s 1- ’ : 11 1 1 - - :  7)

Summary

We h a ve  .;t io - ~- t i  
t

I ’l  1 7 1 ~~i V ’ ’~~ 
- 1 C - i ~~ if l f l  o tI~ —~ RPA SA . Except on

rare occasion ;, ~nn o;~ I e:- - ’ n ‘ - - I ; - o d  C( . I r l C ‘~ I - -~ 1S U I  ement of the

phase o I LIt e : : o : n t  - ~~
-
~~
‘ - 

- - n -  .1 t ( t ;  - S I (1110 01_ t i _ C  0 - 0 1  01) t h o

fow ocL ’ S L ( r r- w h , - n i  t n t ’  i - - - -‘ ~~. - ‘ i~ , I i i  4 - 1 1 1 0 0  I;’ l O  • osistent

with a ~n aj  id ~ 1 ’Tt~~-\

Co n e i n i t ’ ) ’ IC  t. t - I l  I t h - n t ; c ; 1  - - n o t ;  ‘~ hov&~ s l t os n I h a t  , or

the }-t~~~eot~ S L t’ -  i I t  - - h-  - -
~~ - - i n  I I 1 I V  ha ; - y h~~ I -’:.1 u e t - -~~~er t 74 and

80 k i  me . -’’- r- f r-n t~~ ~
—
~

- t - - ‘
~~~~~ 

- a t -  -n - u ’ ’ t - ; ’  - - i t .  W h i l e  these

probl f !-nl- 1 ’ ’ ; . ‘ r n  - 
- i t  ‘ - 1 n ’ ~~~~ C t~ ; 4 s

— ~~~~~~~~~ —- — - -  
~~
— -

~~~~~~~~~~~~~~~~~~~
--

~~~
- - -  — -“ l —~~~~

-
~~~~~
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- - -  - i . pro—

- - ‘ I t  - - -
~~~~~~~~~~~~~~

‘ ~ttiS 1; t I-O \ . ( ‘ont-equeittly some

5 h i t  p 1 t ’ l  i l  t n -  ;-.h  ;c o  I :o ! c up t i t e  seasonal averages  shown in

this r t -~~ot  t may  l n t v t - ;u ~ t i~~~d from a l tit u d e  smear ing  and (over  the

7 4 — 8 0  k i lomete r  r a z iy e )  c on c om mi t t ant  e lec t ron  d e n s i t y  minima

We hav e iden t i  t i 1 -d t h r i - t -  po ten t ia l  causes fo r  e rr oneous

ol cc t Ion dens n. t y n i l  u I  l Ot  . Tll t -y  a t o :

1 - O V t I Si  I t O  j fy i  uq t in - t O I h ’ I  o ;  the 1x1 yn om i a l  fo r

- ‘ i i  d t - t t n n l l  V a s  a :u r i c r . x o t ~ of a l t i t u d e  which is

t I O ( 1 I  to f 1 , - i  1 4 - l I S t  squared en -or sense , the

- :i at 1 1 0  1: 1 - - - 
-

2 . tIn ;~ y t  - t  l , -a~~ ac-  - a t  -~~~ t -  :~ioi~ t 1  f o r  the ref t a ct  i Ve  index

in tht - 1) (
~- L l i o n .  This potential cause is min imized

by usinq slloL- t rronsm ilteti pulse lenghts.

3. Diff erent : - i C J t t O r i I l l J  volumes for the X and 0 waves

(due to wide cone angles and altitude smearing) cause

ap p a i e nt .  0 I octron dens c t.y minima

We have - i l  - ‘ : ;- ‘ to  I I - i  : : n i n ; n - - i j  ¼’ t h ( -  -ff t -ct of all three causes

by U s i n q I n O  \ n t - - t ~~ n 1 - ; • t .  ; - ;  1 - -s ; t h i n  one ha l f  the number

Ot  ( l I t  I ~~~ I I I ’ ~~, - - 
I I - - . - 1 4 )  0 ; : - n  I \ j  i r  t -  - : t  t:a the

I~en Wy1 1€~ ~0t ~~ 0 y ~~‘ 1 L .  ‘ 1 0 0  ~-1~~: 1 0 0 n 1  a a~ 1 I -y  us ito ;  a 25 microsecond

pulse lert -l Lh . ‘l’he- i n -  n o -  ~~~~~ La -‘ ; n i n n i  ~ne the ’ physical reality

of increa ;od ( ‘- ‘ O t’ ~n t l os f -
~~ ‘: ~ ~~

- ‘ -~~~~- w~-i1 -n  t h o~ - O C C U T

The’ ci ec t r on  c l e t i s i  t ~~- s  ~~
- 

~ - s t 1 ’d-5i~~~~~~ f r o t u  t h e  t o i mu l at i on

proposed by I 3o lr o s ,- an  I l a  ~~~- - ( l - ) t t 4 )  is; in I~~ t l i t  ‘i ) o l  ‘ s ( 1 9 7 9 )

— - —- —
~~ 

— 
— 

~~~~~
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0 1  t - l s I X l ; O t  ion t -  t h - ~- t o ’  i - 1  t \  I s t R t n X . I 7 n -  t a - n  t h d t  t i ’ e  3 V t - I - i ’ O -

n c t - a ~~on a 1  e l  I~~ I I n u n  i~~- ’ i S  i t  V 1 O l  t I ~~~~~ ~i 1¼ ” ~Ih(’W local m inima 18

i i t i L i O U t t t O I l ’ 1 t h 0  1 0 5  I t  of ~V e i - - 4 i n ~J -i l a l y t -  1. i i i l - t  l ( It  j 1r~~f i 1 e s ,

of w h i c~ ~ h - .~ a : - :  1~~ - - n  m~~’ i 1 .  i t  V a !  t O i l s  a1 rtudes. The

ave rt - sing process -~- l l  s - I d  * o ca~’n  e S S  € ‘ V t - ! t  r t - local m i n i m a

it  t he r e  is no c 0 n -~ i S l -  n t  a l ’  1’ 11( 10 at  c’iich the  in i n im a  o c c u r .

A word o ca n i t  i Os i s r o-~~’ 
- n : l i t  e 0 t h t -  S t a  sona 1 1 y

ave ra  ( i t O l  10 1 1 . ‘r - s -3 :i t I at  -~ e d ay  ¶ - d ay  v a r i a t i o n

of e l e c t r o n  d e n si t y  1 - n o t  i l t ’I  0 0  S o t I l  i t  ha l  e i - i h .  An a vt - r a q e

pro f ii t - is proc isci y w h a t  i t  says  t t i ~~~
— t n  a vt - i  o qe and

I

d e v i a t i o n  t roni the avou age should E’o expt -c. t ~-d t o t  a n y  p a r t i c u l ar

p r o f i l e .

Th e amp litude distribution ~~ I) I ( s ~~1t ’f l  echoes has been shown

to be consistent -with a Ray leigh distribution —— thereby l end ing

support to the  p r o po s i t i o n  tha t D region backscat ter  is due to volume

s c a t t e r i ng  f rom r e f r a c t i v e  index f l u c t u a t i o n .
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